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Introduction
Upper Pennsylvanian sandstones have been the target in petroleum exploration and production in Kansas and
Oklahoma. However, the petrographic characteristics of these sandstones have been rarely reported. A good understanding of the characteristics and depositional environments of those sandstones will help explore the correlative subsurface
petroleum reservoirs efficiently.
Figure 1. A) Regional tectonic elements in the vicinity of the study area in
Kansas and Oklahoma. The hachured and gray areas are the outcrop
and subsurface Oread cyclothem, respectively, studied by Bruemmer
(2003) and Yang et al. (2003a, b). Star is the approximate location of
this study. B) The location of three outcrop sections where sandstones of
this study are sampled and the location of outcrop stratigraphic sections
in C). C) Outcrop stratigraphic cross-section in the vicinity of the transition zone between the shelf and fluvial-deltaic provinces. The three outcrop sections in this study are labeled. Simplified from Yang et al.
(2003a).

Geological Background
Sandstones are common in upper Paleozoic
cyclothems in the midcontinent U.S. The cyclothems formed by
cyclic sedimentation on epi-cratonic shelves during repetitive
shoreline transgression and regression caused by large sea-level
changes (Wanless and Shepard, 1936; Heckel, 1994; Yang,
2007). Sandstones in the Upper Pennsylvanian (Virgilian) Oread
cyclothem of the Shawnee Group in Osage County, northeastern
Oklahoma, are the focus of this study (Figs. 1 and 2). The
cyclothem was deposited during a renewed episode of Ouachita thrusting at the beginning of the Oread time (Heckel,
1994). The tectonic event had probably accelerated the subsidence of the Arkoma Basin and Central Oklahoma Platform
and promoted siliciclastic sediment production in the Ouachita source area (Yang et al., 2003a, b). Regional outcrop and
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Figure 2. Stratigraphy of the Oread
cyclothem in the northern shelf
and southern deltaic-fluvial
provinces, NE Oklahoma. Elgin
Sandstone is an informal outcrop and subsurface stratigraphic name, referring to the
sandstone-rich intervals approximately correlative to the
Heumader Shale Member in NE
Oklahoma and SE Kansas. No
vertical scale intended. Shelf
stratigraphy is modified from
Heckel (1979, 1994) and Yang et
al. (2003a) with reference to
Moore et al. (1951); deltaicfluvial stratigraphy is after Yang
et al. (2003a, b) and Yang
(2007).

subsurface correlation in SE
Kansas and NE Oklahoma
(Bruemmer, 2003; Yang et
al., 2003a; Yang, 2007) indicates that the Oread
cyclothem was deposited in
two depositional provinces:
the northern shelf province
composed dominantly of
marine and marginal marine shale and limestone and the southern deltaic province of deltaic and fluvial siliciclastics. The
two provinces are separated by a narrow transition zone ~2 km wide (Fig. 1C).
Petrography of six sandstones is the focus of this study. The sandstones are from three measured sections at
the southern edge of the transition zone (Fig. 1B, C). Two sandstones are from the point-bar sheets in the upper Snyderville Shale regressive interval at Section 78A (Figs. 1C, 2, and 3). Multiple fining-upward point-bar sandstone successions fill a channel form cutting into underlying floodplain calcareous paleosols, forming the Snyderville meandering
stream system (Yang, 2007). Two sandstones are from the delta-front deposits in the maximum-transgressive Heebner
Shale interval, that is, the Heebner delta, at Section W32, which changes to anoxic phosphatic shale in the shelf province
to the north (Figs. 1C, 2, and 4). The delta consists of nine upward-coarsening shale-sandstone successions, indicating a
northward progradation (Yang et al., 2003a, b). The last two sandstones are from the delta-front deposits of the Elgin
Sandstone within the regressive Heumader Shale interval at Section 262 (Figs. 1C, 2, and 5). The Elgin deltaic system
consists of three coarsening-upward shale-sandstone successions which are laterally persistent for several kilometers in
the study area. This study compares and contrasts the petrographic characteristics of the six fluvial and deltaic sandstones
at different stratigraphic positions of a single depositional system and from different transgressive and regressive intervals
within the Oread cyclothem, in the context of previously interpreted depositional environments and cyclostratigraphy of
Yang et al. (2003a, b).
Methodology
Petrographic study was carried out through thin-section microscopy. 50 points were counted along a line at equal increments in each thin section to document the composition, size, roundness, grain contact, and surface texture of framework grains, porosity, type of cements, and type and amount of matrix. Next, the size distribution in percentage of abundance was established from the raw point-count data for each sample. The distribution was then used to construct a cumulative curve of abundance for the sample. Last, the graphical mean grain size, degree of sorting, and skewness of framework grains were calculated using the cumulative curve according to Folk’s (1957) formulae. The histograms of grain
mineralogy and roundness were also constructed. These statistical data, combined with other textural features of frame
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Figure 3. A) Measured section of the Snyderville fluvial sandstones at Section 78A (Fig. 1B, C). B) Field photo of the
basal point-bar sandstone sheet cutting into underlying
red-purple paleosol (Yang, 2007) with approximate location of samples 78A-8 and 78A-12. Dashed white line is
the channel base. Ruler is 1 m long. See Figure 1C for
lithologic patterns.

Figure 5. A) Simplified measured section of the
Elgin Sandstone deltaic deposits at Section
262 (Fig. 1B, C). B) Field photo of the lower
part of the measured section and approximate
location of Sample 262-11. Dashed line is the
knife-sharp contact between the Plattsmouth
Limestone and Elgin Sandstone. Person is 1.7
m tall. See Figure 1C for lithologic patterns.

Figure 4. Measured section of the lower part of Heebner deltaic sandstones at Section W32, showing several shale-sandstone successions
(Fig. 1B, C). See Figure 1C for lithologic patterns.
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work grains, provide a comprehensive characterization of the petrographic features of each sample. It should be noted
that Folk’s (1957) formulae are based on cumulative weight percentage of a sample, not the cumulative abundance
percentage obtained through point counting. Our calculations using Folk’s formulae assume that all grains are equidimensional and spherical, and have equal densities. Hence, the grain abundance percentage is only an approximation
of weight percentage.
The petrographic characteristics of each sample were compared between the two Snyderville fluvial, two Heebner
deltaic, and two Elgin deltaic sandstones, and among the Heebner and Elgin deltaic sandstones, and the fluvial and
deltaic sandstones. Finally, all six samples were combined to summarize the overall petrographic characteristics of
Oread sandstones. Field and petrographic observations and interpretations were combined to decipher the differences
between fluvial and deltaic processes of the Oread cyclothem.
Figure 6. Petrographic characteristics of samples 78A-8 and 78A-12 of
Snyderville fluvial sandstones. A) Histograms and cumulative curves of
grain-size abundance distribution. B) Abundance (%) of mineral types
of framework grains and matrix, porosity, and cement. C) Statistical
data and description of mean grain size, standard deviation (degree of
sorting), and skewness. D) Abundance (%) of degrees of roundness of
framework grains.

Petrographic Results
Snyderville fluvial sandstone samples
Observations - Two sandstone samples, 78A-8 and 78A-12,
are from a single laterally accreting point-bar complex. 78A-8
is from the trough cross-bedded basal sheet (Fig. 3B); 78A-12
from the overlying tabular cross-bedded sheet. Both samples
contain more than 91% quartz and 0% feldspar framework
grains and a trace amount of matrix. The lithic grains are shale
clasts and most quartz grains are monocrystalline. The QuartzFeldspar-Lithic (QFL) ratio of framework grains is Q91F0L9
for 78A-8 and Q97F0L3 for 78A-12 (Fig. 6B). The sandstones
are classified as quartz arenite (Dott, 1964). 78A-8 has a
coarser mean grain size (upper fine sand) and is better sorted
(very well sorted) than 78A-12 (middle fine sand and well
sorted); Fig. 6A, C). Both samples are fine skewed, although
78A-8 is less (i.e. containing less fine grains) than 78A-12
(Fig. 6C). In addition, 78A-8 is dominantly well to subrounded, whereas 78A-12 is dominantly very well to well
rounded (Fig. 6D). Quartz grains are mainly in point to line
contacts and commonly fractured in two or three directions.
Finally, both sandstones are calcite cemented, resulting in a
small porosity (5% for 78A-8 and 0% for 78A-12).
Discussions – The petrographic characteristics of samples 78A-8 and 78A-12 reflect the general upward-fining trend
of a point-bar complex, although they are from different accretionary sheets. 78A-8 contains less quartz and more
shale clasts than 78A-12, because the former is closer to coarse and lithologically-diverse channel-lag deposits. For the
same reasons, 78A-8 is slightly coarser, better sorted, less rounded, and less fine-skewed than 78A-12. In general,
however, both arenites are compositionally and texturally supermature (Folk, 1951). The fine quartz grains are likely
of a recycled origin. The common healed fractures in the quartz grains suggest brittle deformation possibly caused by
compressional or shear stresses. All the above evidence suggests that the quartz grains were probably derived from
preexisting sandstones in exposed thrust belts of the Ouachita Mountains to the south (Yang et al., 2003a).
Heebner deltaic sandstone samples
Observations - Two sandstone samples, W32-N5 and W32-6, are from different delta-front sandstones of the Heebner
deltaic complex, which consists of nine stacked prodeltaic-delta front shale-sandstone successions (Fig. 4). W32-N5 is
from a tabular cross-bedded sandstone in the lower part of the complex; W32-6 from the base of the fifth deltaic sand21

stone. Both samples contain more than 92% quartz and 0% feldspar framework grains and a trace amount of matrix. The
lithic grains are shale clasts; and the quartz grains are mostly monocrystalline, commonly fractured, and dominantly in line
contact with each other. The QFL ratio of framework grains is Q92F0L8 for W32-N5 and Q97F0L3 for W32-6 (Fig. 7B).
These samples are classified as quartz arenite. The mean grain size of W32-N5 is upper fine sand, finer than the lower medium sand size of W32-6 (Fig. 7A, C). Both samples are well sorted. Grain-size distribution of W32-N5 is nearly symmetrical and that of W32-6 is strongly fine skewed, containing a
large excess of fine grains. Both samples are dominantly well to well rounded (Fig. 7D). Finally, they are poorly calcitecemented and very porous (22% porosity for W32-N5 and 26% for W32-6).
Discussions – The pattern that finer-grained W32-N5 underlies coarser-grained W32-6 may reflect the general upwardcoarsening trend of a progradational deltaic complex. Coleman and Prior (1982) documented that sediments in the delta
front and the lower deltaic plain are reworked by tides and waves and are, in general, better sorted and more rounded than
those on the distal delta front. The slightly better sorting of W32-6 in comparison to W32-N5 conforms to the trend. Both
samples are dominantly very well to well rounded, suggesting strong reworking. In general both arenites are compositionally and texturally supermature. The quartz grains are probably of a recycled origin from the Ouachita thrust belt to the
south, same as those of the underlying Snyderville sandstones (Yang et al., 2003a).
Elgin deltaic sandstone samples
Observations - Two sandstone samples, 262-11 and 262-13, are from the basal two delta-front sandstones of the regressive
Elgin Sandstone, respectively. 262-11 is from a tabular cross-bedded sandstone; 262-13 from a plane-bedded one (Fig. 5).
The quartz grains are mostly monocrystalline; lithics are shale clast; and matrix is of a trace amount in both samples.
Quartz grains are fractured as the samples above, and dominantly in line contact with each other. The QFL ratio of framework grains is Q97F0L3 for 262-11 and Q100F0L0 for 262-13 (Fig. 8B). The sandstones are classified as quartz arenites. 26211 is coarser (upper fine sand) than 262-13 (middle fine sand; Fig. 8A, C). Both samples are well sorted, fine skewed, and
Figure 7. Petrographic characteristics of samples W32-N5 and W32-6
of Heebner deltaic sandstones. A) Histograms and cumulative
curves of grain-size abundance distribution. B) Abundance (%) of
mineral types of framework grains and matrix, porosity, and cement. C) Statistical data and description of mean grain size, standard deviation (degree of sorting), and skewness. D) Abundance
(%) of degrees of roundness of framework grains.

dominantly well to very well rounded (Fig. 8C, D). They are poorly
calcite-cemented and porous (14% porosity for 262-11 and 20% for
262-13).
Discussions – Samples 262-11 and 262-13 have similar mean grain
size, degree of sorting, roundness, and skewness. 262-11 is, however, slightly coarser than 262-13, although field observation indicates an overall slightly upwardcoarsening trend of the three delta-front complexes. Thus, 262-11
may be located at the coarser part of the delta front, whereas 262-13
at a more peripheral part. Both arenites are compositionally and
texturally supermature. The fine quartz grains are likely of the same
recycled origin as the other Oread samples discussed above.
Petrographic Comparisons among Fluvial and Deltaic Sandstones

Comparison between Heebner and Elgin deltaic sandstones
Petrographic distinction between the Heebner and Elgin delta-front
sandstones is expected, because the former developed during maximum transgression and the latter during early regression (Yang et
al., 2003a). Thus, the petrographic data of the two Heebner sandstones are grouped to be compared with the grouped data of the two
22

Continued on page 24

From page 22
Figure 8. Petrographic characteristics of samples 262-11 and 262-13 of Elgin
deltaic sandstones. A) Histograms and cumulative curves of grain-size abundance distribution. B) Abundance (%) of mineral types of framework grains
and matrix, porosity, and cement. C) Statistical data and description of mean
grain size, standard deviation (degree of sorting), and skewness. D) Abundance (%) of degrees of roundness of framework grains.

Elgin sandstones (Fig. 10). The comparison, unexpectedly, indicates that the two delta systems are petrographically similar in
composition and texture.
Observations – Sandstones of both deltaic systems contain more
than 90% quartz, 0% feldspar framework grains and minimal
lithic fragments and matrix (Fig. 10B). The QFL ratio of framework grains is Q95F0L5 for the Heebner sandstones and Q98F0L2
for the Elgin sandstones. The Heebner sandstones are slightly
finer (a mean size of middle fine sand) than the Elgin sandstones
(upper fine sand; Fig. 10A, C). All sandstones are well sorted,
fine skewed (Fig. 10C) and contain very well to well rounded
grains (Fig. 10D).
Discussions - The strong petrographic similarities between sandstones of the Heebner and Elgin deltaic systems suggest that sealevel changes and oceanic current and wave reworking may not
have been the major controls on the petrographic characteristics
of the delta-front deposits. The sedimentary processes operating
within the individual deltaic environments and the character of
sources areas in the Ouachita thrust belt were likely similar during the deposition of the two systems.
The Heebner sandstones have a slightly larger porosity and are
less fine-skewed and, thus, better winnowed than the Elgin sandstones. The Elgin may be more compacted. Alternatively, the difference in porosity is caused by textural heterogeneity inherent to delta-front deposits.
Comparison between fluvial and deltaic sandstones
Petrographic distinction between the fluvial and deltaic sandstones is expected. The petrographic data of the
two Snyderville sandstones are grouped and compared with the grouped data of the four deltaic sandstones (Fig. 11).
The comparison indicates a similarity in composition but a small, yet significant difference in texture between the two
groups.
Observations – All the sandstones contain more than 90% quartz, 0% feldspars, and a trace amount of lithics
and matrix (Fig. 11B). The QFL ratio of framework grains is Q95F0L5 for the fluvial sandstones and Q96F0L4 for the
deltaic sandstones. The fluvial samples contain more, albeit small amount, lithic fragments than the deltaic samples.
The fluvial sandstones are coarser, much better sorted, and finer skewed than the deltaic sandstones (Fig. 11A, C).
The fluvial sand grains are mostly rounded to very well rounded, ranging from angular to very well rounded, whereas
deltaic grains are dominantly well to very well rounded (Fig. 11D). Finally, fluvial sandstones have a low average
porosity of 2.5%, whereas deltaic sandstones are very porous with a 20.5 % average porosity.
Discussions – The coarser size, much better sorting, a slightly larger amount of shale clasts, and variable
roundness of the fluvial sandstones in comparison to deltaic sandstones reflect the shorter sediment transport distance,
higher flow velocity, and a local floodplain source of mud chips of the Snyderville fluvial environment. The improved roundness of deltaic sands suggests prolonged transport and reworking by tide, wave, and oceanic currents.
The poor sorting of deltaic sands is probably caused by mixing of excessive fine sediments, as indicated by the fine
skewness, due to deposition in a relatively low-energy environment and common burrowing as observed in the outcrop. The small porosity of fluvial sandstones can be attributed to pervasive calcite cements, which are less abundant
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Figure 9. Photomicrographs under polarized light of A) fractured quartz grains in sample 78A-12 of Snyderville point-bar sandstone; B) a highly-contorted silty shale
clast in sample 78A-8 of Snyderville point-bar sandstone; C) fractured quartz
grain in sample W32-N5 of Heebner delta-front sandstone; D) interparticle porosity (center) in sample W32-6 of Heebner delta-front sandstone; and E) a fractured
quartz grain in sample 262-11 of Elgin delta-front sandstone.

Figure 10. Petrographic characteristics of Heebner and Elgin deltaic sandstone
samples. A) Histograms and cumulative curves of grain-size abundance
distribution. B) Abundance (%) of mineral types of framework grains and
matrix, porosity, and cement. C) Statistical data and description of mean
grain size, standard deviation (degree of sorting), and skewness. D) Abundance (%) of degrees of roundness of framework grains.

in deltaic sandstones. Nevertheless, the generally similar petrographic characteristics between the fluvial and deltaic sandstones
are the results of same source area (i.e., Ouachita thrust belt),
similar transport distance, similar catchment basin and climate
conditions, and deposition separated by a short period of geologic
time.
Overall petrographic characteristics of Oread sandstones
The six Oread sandstones of both fluvial and deltaic origins are quartz arenites, containing more than 90% quartz, no
feldspars, a trace amount of lithics and matrix (Fig. 12B). The QFL ratio of all the framework grains is Q96F0L4. They are
fine grained, moderately well sorted, strongly fine skewed, and rounded to very well rounded (Fig. 12A, C, D). Thus, the
sandstones are petrographically supermature to mature in both composition and texture (Folk, 1951). The high level of maturity is common for sandstones deposited in the epi-continental area (Boggs, 2006). The sediments were derived from recycled sandstones from Ouachita thrust belt, transported over a long (~200 miles) distance to the Cherokee Platform, and deposited on stable low-relief coastal plain and shelf (Fig. 1; Yang et al., 2003a). Finally, the variably calcite-cemented sandstones have moderately large porosity (14.5% on average), especially the deltaic sandstones, and are good potential hydrocarbon reservoir rocks.
Conclusions
The sandstones of the Snyderville maximum-regressive fluvial channel fill, Heebner maximum-transgressive deltafront deposits, and Elgin early-regressive delta-front deposits of the Oread cyclothem are all quartz arenites, fine grained,
well sorted, rounded, and fine skewed. The sandstones are petrographically mature to supermature in both composition and
texture. The petrographic similarities among these sandstones support the previous interpretations of provenance and depositional environments on the basis of field observations. The sandy sediments were probably derived from pre-existing
sandstones in the same source area in the Ouachita Mountains, transported over a long distance, and deposited on a stable
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epi-continental setting of the Cherokee Platform over a short geologic time span. Minor variabilities in the amount of
shale clasts, sorting, skewness, and rounding probably resulted from variations in sedimentary processes, energy conditions, and diagenesis associated with point-bar accretion in fluvial channels, and deltaic progradation, delta-lobe
switching, and degrees of wave and current reworking in deltaic environments.
Pennsylvanian sandstones in Kansas and Oklahoma have been the target for petroleum exploration. The moderately porous sandstones of the Oread cyclothem are good potential hydrocarbon reservoir rocks. Deltaic sandstones, in
general, have larger porosities than fluvial sandstones, seemingly controlled mainly by the degree of calcite cementation. Common fractures in quartz grains as intra-particle porosity may enhance the overall porosity of the sandstones.
Further studies on sandstone cementation are needed to better
document the diagenetic history of Oread sandstones.

Figure 11. Petrographic characteristics of fluvial and deltaic sandstone samples. A) Histograms and cumulative curves of grain-size abundance
distribution. B) Abundance (%) of mineral types of framework grains
and matrix, porosity, and cement. C) Statistical data and description of
mean grain size, standard deviation (degree of sorting), and skewness.
D) Abundance (%) of degrees of roundness of framework grains.

Figure 12. Petrographic characteristics of the Oread sandstone samples.
A) Histogram and cumulative curve of grain-size abundance distribution. B) Abundance (%) of mineral types of framework grains and
matrix, porosity, and cement. C) Statistical data and description of
mean grain size, standard deviation (degree of sorting), and skewness. D) Abundance (%) of degrees of roundness of framework
grains.
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